Background: Over the past 30 years, there has been a dramatic increase in the prevalence of childhood obesity and hypertension in the United States. The prevalence of these diagnoses among individuals participating in school-sanctioned sports has not been clearly defined.
According to the National Federation of State High School Associations (NFHS), almost 8 million student athletes participate in school-sanctioned sports each year. 17 For many of today's youth, sports provide an opportunity for developing social skills and healthy exercise habits. Furthermore, participation in school sports is associated with improved academic performance, selfesteem, and a reduction in high-risk behavior. 6, 15, 16 As a prerequisite to participation, many students are required to undergo an annual preparticipation medical evaluation (PPE). The NFHS has acknowledged the importance of a preseason medical history and physical examination, and most state governments require athletes participating in state-funded sports to obtain documentation of their general fitness prior to involvement in a sports program. 19 While obtaining ''preseason medical clearance'' may be considered standard practice, there remains a great deal of debate regarding the appropriate context, content, and expectation of health benefits to be obtained by the PPE. For some, this encounter may be viewed as a waiver of liability for sports participation; however, the PPE should be regarded as an opportunity to provide the athlete with a comprehensive examination and general health screening. This opportunity may be especially important in patient populations with limited access to primary medical care.
Over the past 30 years, there has been a dramatic increase in the prevalence of childhood obesity in the United States. A general trend for increasing prevalence of pediatric obesity can be observed among most patient populations; however, several studies have recognized a disproportionate risk among certain geographic and socioeconomic groups. Not only is the prevalence of childhood obesity increasing, but many of the comorbid conditions historically associated with adult-onset obesity, such as diabetes and hypertension, are also on the rise in this patient population. 5, 25, 33 In the adolescent population, the diagnosis of obesity alone carries an increased risk for the development of early morbidity, cardiometabolic disease, osteoarthritis, and certain forms of cancer later in life. 18, 27 These alarming trends should be viewed as a significant health concern with widespread public health implications in the near future. The preparticipation encounter provides the sports medicine physician with an opportunity to identify patients at risk for adulthood obesity, who might otherwise have limited access to medical care. Also, since this unique medical encounter is associated with participation in sports, it may be an opportunity for the physician to influence the individual's behavior positively by associating healthy diet and exercise habits with sports participation and performance.
Given the natural increases in body mass index (BMI) that occur with age, it is necessary to compare individuals using age-and sex-specific growth charts. The use of BMI to identify adolescents who are at an increased risk for adulthood obesity is well established in the medical literature. 8, 26, 28, 38 The Centers for Disease Control and Prevention (CDC) developed the CDC-2000 growth charts using representative surveys of US children and have categorized children and adolescents with a BMI 95th percentile as obese. These tables can be accurately used by health care providers to identify patients at risk for adulthood obesity and potentially influence the child's health decisions early on in the development of disease. 28 The prevalence of hypertension also appears to have increased during the obesity epidemic. Contemporary reports estimate the prevalence of hypertension among American children to be between 2% and 5%. 28, 30, 36 While the US Preventative Services Task Force (USPSTF) has published evidence-based recommendations regarding screening and diagnosis of hypertension in children, there remains debate on the long-term impact of screening in this population. 31, 36 According to the American Academy of Pediatrics, routine blood pressure screening is an important component of the athlete's physical examination, since elevated blood pressure represents one of the most common abnormal findings identified during the PPE. 2 The purpose of this study was to identify the prevalence of obesity and elevated blood pressure in a population of Mississippi high school athletes and to examine the influence of sex, age, ethnicity, and details of sports participation on the prevalence of these diagnoses.
METHODS
Between 2009 and 2013, PPEs were performed by a team of physicians from the Mississippi Sports Medicine and Orthopaedic Center (MSMOC) in Jackson, Mississippi. All encounters were performed by moving athletes through a coordinated medical team of providers, which included primary care physicians, orthopaedic surgeons, cardiologists, athletic trainers, registered nurses, and medical assistants. The student population was composed of athletes attending schools located in metropolitan or suburban areas of Jackson, Mississippi, who wished to participate in a school-sanctioned sport. These PPEs were utilized by 146 different high school athletic programs during the study period. All medical care was provided to the athletes free of charge by the sponsoring institution (MSMOC). The examinations were documented and completed using a standardized form. This comprehensive screening form was developed by the sponsoring institution (MSMOC) and includes pertinent patient history and physical examination components endorsed by the American Academy of Pediatrics and Preparticipation Physical Evaluation Working Group (see the Appendix). Furthermore, this form has been acknowledged by Mississippi state officials and is currently used as the standard preparticipation physical examination by the State of Mississippi High School Athletic Association. 17 Informed consent for the examination was obtained from each patient's legal guardian, and the study was approved by the sponsoring institution's internal review board.
Inclusion criteria for the study included high school athletes aged 14 to 18 years and a first-time encounter with the individual student. Exclusion criteria included incomplete demographic data including date of birth, sex, and race or a physiologically implausible physical examination data value. Age was calculated in months from date of birth to date of PPE. Sex and ethnicity were selfdescribed. Ethnic categories included white, African American, Asian, and Hispanic. Weight (kg) and height (m) were measured using a calibrated professional medical scale, and BMI was calculated (kg/m 2 ). Athletes were assigned into BMI percentiles, which were based on the most current age and sex normative anthropometric reference data available from the CDC. Using BMI percentiles, individuals were grouped into 3 categories: normal weight (85th percentile), overweight (>85th and <95th percentile), or obese (95th percentile). For statistical analysis, sex, ethnicity, sport, and number of sports played were examined as individual predictors of obesity status.
All blood pressure measurements were done using an automated blood pressure cuff in the nondominant extremity by a registered nurse or medical assistant. Given the large population size of this study, automated oscillometric blood pressure measurements were utilized for general screening purposes. 7 Individuals with a systolic pressure >120 mm Hg or diastolic pressure >80 mm Hg were referred for manual blood pressure measurements using a mercury sphygmomanometer for 3 consecutive measurements separated by 5 minutes of rest. 32 The average of the 3 readings was used to represent the final blood pressure value. Blood pressure percentiles were calculated based on the most current normative anthropometric reference data available from the CDC. Using blood pressure percentiles, individuals were grouped into 2 categories: elevated blood pressure (95th percentile) or not elevated (<95th percentile). Definitive diagnosis of hypertension in pediatric populations requires longitudinal blood pressure tracking, and since these examinations represented a single encounter used for screening purposes and sports participation clearance, a definitive diagnosis of hypertension was not made at the time of the patient encounter. Last, students were classified by sport and as either having requested clearance to participate in 1 sport, 2 sports, or 3 sports.
Descriptive statistics are presented as means, standard deviations, and percentages. The chi-square test was used to test for associations between the 3 classifications of BMI and number of sports categories. Unadjusted relative risk (RR) and 95% CIs were calculated for individual predictors of obesity status (obesity vs normal/overweight) and elevated blood pressure. For adjusted estimates of relative risks, a binomial regression with a log link function was used. For inferential analyses including race, Hispanics and Asians were excluded because of inadequate sample size. A P value of .05 was used to determine statistical significance.
RESULTS
During the study period, 19,176 PPEs were documented. There were 9183 students who met the inclusion criteria as a first-time encounter within the target age range. There were 1478 students who met the exclusion criteria, leaving 7705 examinations for the final analysis ( Table 1 ). The primary reason for exclusion was patients reporting only their age and not their date of birth. Date of birth is required for BMI percentage categorization. During the study period, 169 (2.2%) students were not cleared for sports participation at the time of their initial encounter. The mean age of the sample was 15.5 years, with 69.4% being male. Based on self-reported ethnicity, blacks represented 66.4% and whites represented 31.9% of the study population. The mean BMI was 24.9 kg/m 2 . Based on BMI classification, the prevalence of obesity was 23.5%; 20.3% of students were overweight and 56.2% were normal weight. The prevalence of morbid obesity (BMI 99th percentile) was 3.5%. The most frequently cited sports participation were football (46.5%), basketball (28.4%), track and field (13.7%), and baseball (9.4%); 913 students did not endorse a sport for participation. The remaining students indicated that they participated in 1 sport (n ¼ 4686, 69.0%), 2 sports (n ¼ 1548, 22.8%), or 3 sports (n ¼ 558, 8.2%). The prevalence of obesity and elevated blood pressure among athletes participating in a single sport is demonstrated in Table 2 . The prevalence of student athletes with the combined diagnosis of obesity and elevated blood pressure was 9% (n ¼ 697). The mean systolic and diastolic blood pressure measurements were 122.7 and 69.6 mm Hg, respectively. The prevalence of elevated blood pressure (blood pressure 95th percentile) was 21.2%. Percentages total to greater than 100% due to multisport athletes.
Regarding individual predictors of obesity, there was a significant chi-square association (P < .001) between the number of sports played by the student and their BMI classification, with obesity rates decreasing as the number of sports played increased ( Table 3 ). The prevalence of obesity among single-sport athletes was 26.4% compared with a prevalence of 18.9% and 12.5% for 2-and 3-sport athletes, respectively. Relative risks for obesity are shown in Table 4 . Males had a significantly (P < .001) increased risk (RR, 1.49) of obesity compared with females. We failed to find significant associations between race and obesity, unadjusted or adjusted. The risk of obesity among single-sport athletes was 2.13 times the risk for 3-sport athletes and 1.42 times greater than the risk for 2-sport athletes. Further detail on the relative risks for obesity is reported in Table 4 . Adjusting for race and number of sports played, males were statistically 1.71 times more likely to be obese compared with females. Adjusting for sex and race, singlesport athletes were 1.40 and 2.17 times more likely to be obese compared with 2-and 3-sport athletes, respectively.
Regarding the individual predictors for elevated blood pressure, there was a significant chi-square association (P < .001) between the number of sports played by the student and elevated blood pressure (blood pressure 95th percentile for age and sex), with the prevalence of individuals with elevated blood pressure decreasing as the number of sports played increased (see Table 3 ). The prevalence of elevated blood pressure among single-sport athletes was 23.1% compared with a prevalence of 17.6% and 14.7% for 2-and 3-sport athletes, respectively. Further detail on the relative risks for elevated blood pressure is reported in Table 4 . Males were 1.28 times more likely to have elevated blood pressure compared with females. Adjusting for race and number of sports played, males were 1.24 times more likely to have elevated blood pressure than females. There For single-sport athletes, ''þ'' indicates a statistically significant increase in prevalence and ''-'' indicates a statistically significant decrease in prevalence of combined obesity and elevated blood pressure in the sport category compared with athletes in other categories. For example, single-sport football players had a statistically significant increase in prevalence of combined obesity and elevated blood pressure compared with single-sport athletes in other sports.
was a significant association between race and elevated blood pressure (P < .001), with blacks being 1.23 times more likely to have elevated blood pressure compared with whites. There was a significant association between elevated blood pressure status and number of sports played. The risk of elevated blood pressure among single-sport athletes was more than 1.59 times greater than athletes participating in 3 sports and 1.30 times greater compared with 2-sport athletes. There was also a significant association between elevated blood pressure and obesity status. Obese students were 2.40 times more likely to have elevated blood pressure compared with nonobese students.
DISCUSSION
There are several limitations to this study. First, the authors recognize that the results of this study may not be representative of the general population of high school student athletes in the United States. In the current study, 66.4% of athletes examined were black and 31.9% were white. Also, football (29.9%) and basketball (14.5%) made up nearly 45% of the athletes examined. Since lower income athletes may be more inclined to participate in a free PPE and higher income athletes may have greater access to a primary care medical provider, it is possible a selection bias resulted in disproportionate representation from lower socioeconomic groups, which are at a higher risk for obesity and hypertension. 13, 35 Although the prevalence of childhood obesity has now reached epidemic proportions, it remains a difficult condition for many providers to identify and manage. In a study by O'Brien et al 20 on pediatric patients presenting for routine health screenings, only 53% of obese patients were formally diagnosed as obese in their medical record. Among the patients diagnosed with obesity, only 33% of the medical records contained recommendations for lifestyle and activity modification. 11 Given these findings, it is important for sports medicine providers to recognize that obesity may be easily overlooked during the PPE, and that screening and treatment recommendations frequently lacked adherence to the American Academy of Pediatrics' guidelines for management. 11 The American Academy of Pediatrics recommends diet and exercise as the first line of intervention for management of obesity and hypertension in pediatric patients. 11 For many of today's youth, sports participation is important in mental and physical development, and given the motivation to participate in sports, the athlete's PPE provides the team physician with a unique opportunity to influence the patient's general health decisions.
To our knowledge, this is one of the largest studies to report the prevalence of obesity and hypertension in a population of otherwise healthy athletes and the only study to examine the details of sports participation as a predictor of obesity and elevated blood pressure. In 2007, the National Survey of Children's Health (NSCH) examined the general population of adolescents in the state of Mississippi. Using BMI, they reported a prevalence of overweight and obese individuals to be 22.6% and 21.9%, respectively. 29 In this study, we found the prevalence of overweight and obese participants to be 20.3% and 23.5%, respectively. Our current study of student athletes demonstrates a strikingly similar prevalence of obese BMIs, which may be surprising considering that our patient population consisted of only athletes. This finding should be especially concerning for public health officials and policy makers, since several studies have identified elevated BMI in adolescents as perhaps the greatest predictor of long-term morbidity and mortality associated with cardiovascular disease. 1, 14, 31, 37 As noted previously, this study utilized sex-and agespecific BMI percentiles to define individuals as obese. Since BMI does not differentiate between lean body mass and excessive body fat-a distinction particularly relevant to our population of student athletes-one important feature of the current study design was critical examination of the available literature supporting utilization of BMI as a surrogate for excessive body fat composition in pediatric patients. When examining BMI as a screening tool for obesity, it is also important to recognize the difference between using BMI to classify individuals as overweight versus obese. As the individual's BMI percentile increases above the 95% it becomes much less likely that the increase is secondary to lean body mass. 23 Furthermore, obesity defined as BMI >95% is the established gold standard for identification of individuals at long-term risk for adulthood obesity and is known to track well in older populations of adolescents who are near or beyond sexual maturity, which made up our patient population. In a study by Whitlock et al, 38 the authors demonstrated that the probability of obesity in adulthood is >50% among adolescents older than 13 years with a BMI value above the 95%. All individuals in our patient population were older than 13 years. Further, the distribution of our athletes as overweight and obese is strikingly similar to previously benchmarked values for the general adolescent population in the state of Mississippi. The results of our study identify an association between BMI >95% and elevated blood pressure; however, further study is warranted regarding long-term risk for development of cardiovascular disease associated with obesity and hypertension in the young athletes.
Another interesting finding was the prevalence of elevated blood pressure among our population of athletes. It is important to recognize that our diagnosis of elevated blood pressure on the athlete's initial screening does not represent a definitive diagnosis of hypertension. The number of patients with elevated blood pressure in our study population is alarming; however, similarly high prevalences have been reported in some adolescent populations. In a recent study by Lo et al 11 examining the prevalence of hypertension in extremely obese adolescents, the authors reported a 24.2% prevalence of elevated blood pressure during the initial screening. In a school-based screening study from the metropolitan Houston, Texas area, the prevalence of elevated blood pressure screenings on initial screening was found to vary based on race, with the be highest blood pressure values reported in Hispanics (25%), followed by whites (18%), blacks (17%), and Asians (16%). 37 In a study of predominantly black minority students, Jago et al 10 reported a 23.9% prevalence of elevated blood pressure in a population of eighth grade adolescents. The present study demonstrated similar trends, with elevated blood pressure at initial encounter occurring in 21.4% of high school athletes. An end diagnosis of primary hypertension in pediatric patients requires longitudinal blood pressure tracking or multiple measurements separated by significant time intervals. Definitive diagnosis of hypertension is not a goal or realistic expectation of the PPE for student athletes. Rather, sports medicine providers should work to accurately identify athletes at risk for hypertension and encourage close followup with their primary medical providers or medical home.
In the current study, risk factors associated with elevated blood pressure included male sex, obesity, black race, and single-sport athletes. While there is a general consensus that ethnicity is an independent determinant of hypertension risk in adult populations, studies examining this association in pediatric populations have yielded conflicting results. 3, 17, 22, 37 In a longitudinal study of adolescent patients over a 10-year period, Dekkers et al 3 found that ethnicity was a risk factor for higher systolic and diastolic blood pressure when controlling for growth, sex, adiposity, and socioeconomic status. Conversely, in a study by Sorof et al 30 that tracked patients with elevated blood pressure to an end diagnosis of hypertension, the association of ethnicity with elevated blood pressure readings present on their initial screening did not persist after 3 sets of screening measurements. The authors concluded that ethnicity was not an independent determinant of hypertension among individuals within their patient population and highlighted the importance of longitudinal follow-up for obese patients identified as at-risk for hypertension. While our study demonstrated an association between ethnicity and elevated blood pressure, our results represent a first-time encounter and screening for elevated blood pressure, not a definitive diagnosis of hypertension. Longitudinal analysis of our results would be necessary to demonstrate whether this association would persist.
There is debate regarding the long-term health benefits of screening for hypertension in children and adolescents. Screening for hypertension in the ambulatory setting can be laborious, and studies have identified that formal hypertension screening may occur in as few as 35% of pediatric ambulatory visits.
14 In a report prepared for the US Preventative Service Task Force regarding blood pressure screening in children, Thompson et al 34 concluded that there is no direct evidence that screening for hypertension in children and adolescents reduces the morbidity of disease in adulthood. Screening, however, is recommended for adult populations. 14, 22 Given the silent nature of hypertension as a disease process, early recognition and management may be the best means of preventing long-term disease morbidity, and therefore, the principles of early diagnosis and preventative management may provide the best means of minimizing long-term morbidity and mortality. Based on our findings, we recommend a standardized approach and routine blood pressure monitoring as an important part of the athlete's preparticipation physical examination.
Perhaps the most significant finding in our current study is the influence of type and number of sports on the individual's BMI and blood pressure. As the number of sports reported increased, there was a uniform decrease in the prevalence of obesity, with single-sport athletes being 1.40 and 2.17 times more likely to be obese than 2-sport and 3-sport athletes, respectively. Similarly, singlesport athletes were 1.17 and 1.27 times more likely to have elevated blood pressure compared with 2-sport and 3-sport athletes, respectively. Recently, there has been increased interest in the prevention of overuse injuries associated with pediatric sports participation. 4, 9, 12 While our study did not differentiate between single-sport, single-season athletes and individuals participating in a single sport on a yearround basis, previous studies have linked year-round participation in a single sport to an increased risk of overuse injury. In addition to the prevention of overuse injury, the results of the current study identify additional general health benefits that may be gained from a diversified yearround approach to sports participation such as a decreased risk for obesity and elevated blood pressure.
It is equally important to note that our study identified certain sports associated with a higher prevalence of obesity. In our patient population, 29.9% of athletes reported participation in football and 15.4% reported participation in basketball. It is not our opinion that these findings should discourage participation in specific sports but rather to highlight the benefits of multiple sports participation. In our methodology, we identified individuals as multisport athletes or single-sport participants for data analysis, believing that this information would provide practitioners with the most accurate tools for risk assessment of their patient populations. In our population, multisport participants were at lower risk for obesity even if they participated in a sport associated with increased BMI. It should be noted that the nature of certain sports-or even positions-may lead to selection bias. Individuals with higher BMIs may be more likely to participate in specific sports or positions. For example, higher BMI body types may excel in sports like football and at positions like offensive and defensive line, while leaner body mass individuals be more suitable for positions like wide receiver or cornerback and be more inclined to participate in other endurance sports. Parents and coaches should be aware of the long-term health risks associated with obesity and encourage athletes to maintain a healthy body weight, especially athletes who participate in sports or positions that may favor or reward athletes with higher BMIs. The prevalence of obesity was significantly lower in individuals who participated in running and endurance sports, and consequently, parents and coaches should consider the benefits of physical education programs emphasizing multisport and endurance sport participation while the athletes are at a younger age.
The results of the current study confirm the progressive nature of the obesity epidemic, which may disproportionately affect individuals living in the southeastern United States. 21 While the results of our study may not be generalized to other geographic regions of the United States, this study highlights the contribution of obesity to the worsening cardio metabolic profiles in our population of adolescent athletes, with obese athletes having a 2.33-fold increase in risk for elevated blood pressure. All participants in this study were involved in some form of school-sponsored sport, an activity that presents the individual with routine physical exercise during the season of participation. The CDC recommends that individuals aged 6 to 17 years participate in a minimum of 60 minutes of moderate intensity aerobic activity daily and muscle and bone strengthening exercises at least 3 days per week. 24 Our study points out that not all forms of exercise are equal when it comes to examining an individual's long-term risk for obesity. Finally, this study demonstrates the vital role that many orthopaedic surgeons and sports medicine physicians can play in providing general health-screening examinations and health education to thousands of student athletes each year. Chronic Shin Splints 
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WAIVER FORM
This waiver, executed this ________ day of __________________, 200______, by ________________________________________, M.D., and _________________________________________, patient, is executed in compliance with Mississippi law, with the full understanding that if a physician voluntarily provides needed medical or health services to any program at an accredited school in the state without expectation of payment, the physician will be immune from liability for any civil action arising out of the provision of those medical and/or health care services which were provided in good faith on a charitable basis. Such immunity does not extend to willful acts or gross negligence. 
